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INTRODUCTION

The progress made from September 1, 1984 to August 31, 1985 can be divided into

the following categories.

Characterization of two cDNA clones, pVV! and pVV9 by Southern hybridization.
Strategy for subcloning pVV1 and pVV9 DNA.,

Progressive shortening of the pVVI & pVV9 DNA after Bal3!l digestion and cloning
into E.celi JM8&3,

Complete DNA sequence analysis of the subclones of pVV! and pVV9 generated by
Bal-31 and the verification of DNA sequence for the cDNA clone, pVVi7 by
sequencing the cornplementary strand,

Analysis of the DNA sequences of pVV!7, pVV.i and pVV9 for the presence of open
reading frame DNAs which are putative regions coding for the dengue viral
antigens.

Amino acid sequences of the dengue viral polypeptides deduced from the DNA

sequence.




1. Characterization of cDNA clones by Southern hybridization.

a. Rationale

During the period, Sept. 1, 1983 - Aug. 31, 1984, we obtained eleven cDNA
clones pVV1,2,4,7,8,9,11,14,15,17 and 18 which had cDNA inserts, ranging in sizes from
0.95 kilobases to 2.0 kilobases (see Fig. 7 of Report Number Three). Of inhese clones,
only nine clones had cDNA inserts that could be released by Pstl digestion. In the clones
pVV14 and 18, one of the Pstl sites were lost. The further characterization of these two
clones is not complete and therefore is not reported here. However, the characterization
of the other nine clones were carried out by Southern hybridization (1975). The results

are described in the following section.

b. Experimental

In order to characterize these ¢DNA clones with respect to the overlapping
regions present in them, several Southern hybridization (see Southern, 1975) were carried
out. In these experiments plasmid DNAs were prepared from these nine clones. Each
was digested with two different combinations of restriction enzymes, Bglll + Pstl and Pst
I + EcoRl, except with cDNA clones, pVV7, pVVI1 and pVV9, pVV7 was digested only with
Bglll + Pstl, pVV1 with Pstl + Pvull and pVV9 with Kpnl + Pst 1. (Fig. 1b). In Fig. la,
these plasmid DNAs were digested with only Pstl as a control to release the cDNA
inserts. These restriction digests were electrophoresed on an agarose gel (1%) and the
DNA fragments were transferred to a Gene Screen Plus membrane filter (NEN-DuPont).
The DNA fragments immobilized on the membrane filter were hybridized with the probes
prepared from the cDNA inserts of pVV17 (Fig. 2a), pVVb (Fig. 2b), pVV7 (Fig. 2c) and
pVVI1l (Fig. 2d) by nick translation. The results, summarized in Table [ indicate that the
cDNAs from the plasmids pVVv2,4,7,8,11,15 hybridized with the probe from pVV17 and

therefore share common sequences with pVV17, In contrast, these cDNAs did not




hybridize with pVVl and 9. In order to examine whether pVVIl and pVV9 shared any
sequences, the pVVl plasmid DNA was digested with either Pstl alone (lane 2, Fig. 2e) or
Pstl + Pvull (lane 3, Fig. 2e). As controls, undigested pVV17 DNA and Pstl digested pVV9
DNA were used. These DNAs were electrophoresed on an agarose gel, transferred to a
Gene Screen Membrane filter and hybridized with the cDNA probe from pVV9 plasmid.
The results shown in Fig. 2e indicated that pVVI1 and pVV9 shared common sequences and
the homologous sequences are located in the large fragment obtained from the digestion
of pYVI cDNA insert with Pvull. Further hybridization analysis of pVV1 and pVV9 cDNAs
suusequent to double digestion with Kpnl and Pstl showed that pVV9 cDNA is located 5'

to pVV1 cDNA and that these two cDNA shared approximately 450 base pairs (see Fig. 3).

Table |

Southern hybridization analysis of DEN-2 cDNA clones

Hybridization signal to cDNA clones

Expt. Prone + -

I 17 2,4,7,8%,11,15,17 1,9

2 il 2,4,11,15,17 1,9,7

3 4 2,4,7,11,15,17 1,9

4 7 2,4,7,17 1,9,11,15
%*

pvv8 was not tested in experiments 2-4.
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2. Strategy for subcloning pVVI and pVV9 cDNA,

a.  Rationale.

In order to analyze the organization of a viral genome and localization of the
gene coding for viral specific structural and non-structural proteins, it is important to
determine the nucleotide sequence from which the amino acid sequence of the proteins
can be deduced (see the following sections). Several strategies for rapid sequencing of
long DNA fragments, which are over 2000 bp in length, have become available recently
using either the phage M13 system (Barnes and Bevan, 1983) or the plasmid system (Guo
et.al. 1983). The latter strategy was used for sequencing pVV17 cDNA clone (see Report
Number Three for details).

The same strategy was used for sequencing pVV!1 and pVV9 cDNA clones. In
principle, a long target DNA is progressively shortened from one end, by digestion with
Bal-3! nuclease, followed by cleaving off the shortened vector DNA, The family of the
shortened target DNA molecule, is subsequently cloned between the Pstl site and Smal
site, within the polylinker region of pUCI3'-1 (Fig. 4). DNA fragments cloned into this
pilasmid are sequenced directly by the chemical method of Maxam and Gilbert (1977), A
few ambiguities in our sequence analysis were clarified by sequencing the compiementary

strand by labeling the 3' or 5' terminus.

3. Progressive shortening of the pVV1 & pVV9 DNA after Bal3l digestion and cloning

into E.coli JM83.

a. Background

Bal 31 nuclease is a processive exonuclease which is capable of digesting
double stranded DNA to give rise to progressively shortened DNA molecules. The extent

of digestion is controlled by varying the incubation time. The termini of the Bal 31




generated molecules are not exactly blunt-ended and therefore need to be treated with

the DNA polymerase (large fragment) from E.coli to make them exactly blunt-ended.

b. Experimental

The conditions for Bal3] nuclease digestion of pVV] and pVV9 were the same
as described in the Report Number Three for pVV17 clone. The only differences in the
protocol are the omission of Sall linkers to the blunt-ended termini (Step iv on page 18 of
Annual Report #3) and the use of Pstl-Smal site of the vector for cloning (step vi on page
19 of Annual Report #3). Several transformants were screended and the mini-
preparation of plasmid DNA was carried out. The size of the shortened target DNA was
determined after digestion with two restriction enzymes (Pstl + BamHI) and
electrophoresed with appropriate size markers on an agarose gel (1%). Fig. 5 shows a
stepwise ladder formation of shortened DNAs which were obtained from various subclons
of pYV9 cDNA, Similar protocol was used for pVVl DNA. The subclones of pVV! and 9

were used for DNA sequence analysis.

4, Complete DNA sequence analysis of the subclones of pVV1 and pVVY generated by

Bal-31 and the verification of DNA sequence for the cDNA clone, pVVI17 by

sequencing the coinplementary strand.

a. Background

The shortened inserts in these subclones are such that the difference in cDNA
insert size between any two of them is approximately 200-250 nucleotides (Fig. 5). The
rationale for choosing such a progression of shortened cDNA’is that if the DNA sequence
analysis is carried out from a fixed site of these cDNA clones, and if we are able to
obtain sequence of 250-300 nucleotides per sequencing gel, then each block of sequence

data is expected to overlap with the next one (from a shortened cDNA) by about 50




nucleotides, This strategy will enable us to obtain the complete sequence of a cDNA, 2
kb in length, very rapidly by sequencing the subset of shortened cDNA clones {rom the
fixed site of the plasmid. We used the chemical method of Maxam and Gilbert (1977) for

sequence analysis.

b. Experimental
The plasmid DNA (201 g) from the parent clone (pVV1 or pVV9) or subclone of

either parent clone was digested with BamH]1 (25 units) at 37°C for 60 min. The reaction
mixture was then treated accordingly depending on whether the DNA was to be labeled
at the 3' end or the 5' end. The end labeling methods of DNA are described in detail by
Maniatis et. al. (1982) and were followed. After labeling, the DNA was digested with the
appropriate restriction enzyme (Pstl or Hindlll), and the resultant fragments were
separated by low melting point (LMP-) agarose gel electrophoresis. The labeled
fragement of interest was recovered from the gel by phenol extraction. The purified
fragment was used for sequence analysis.

The complete nucleotide sequence of the DEN-2 cDNA clone pVVI] and pVV9
which overlapped by 470 bp is given in Fig. 6a. In Fig. 6b, the complete sequence of
pVV1/7 clone of DEN-2 RNA is given. This sequence is essentially the same as that
reported in Annual Progress Report (#3) except that a few ambiquities which existcd in
the previous sequence have been corrected by sequencing the complementary strand of

selected subclones of pVYV17 cDNA.




5. Analysis of the DNA sequeaces ot pVVI1I7, pVVI and pVV9 for the presence of open

reading frame D*... which are putative regions coding for the dengue viral

antigens.

a. Background and Results

Once the primary sequences of a DNA segment has been determined, it is
imporiant to locate the protein coding region(s) within that segment in order to
genetically engineer that segment for expression. The characteristic feature of a protein
coding region within DNA segment is the presence of an open reading frame (ORF) with
the occurrence of the initiatiecn codon ATG at the beginning of the ORF and a
termination codon at the end of the ORF., The distance between these two codons
depends on the size of the protein encoded by this region. There are cormputer prograins
available {we have one set of such programns from International Biotechnologies, Inc.,

Connerticits to ~woan the prirary sequence of a DNA segment to focate protein coding

regions, The D0 equentes of hath strands of pYVSL (the composite sequence of pVV9
and pVV L e s e VAT were scanned in the 5'---3' orientation in all possible (six)
reading frooe e e e RS Aq shown in Tige 7, the third reading frame of pVV9Il
ind pyVha e fe “taoed an open reading framne which spanned the entire length of

the sedquenos, et gt that this s the reading fraine which is most likely used for
transtation .ato DEN-2 viran proteins and that the polarity of the DNA sequence in 5' -3
is same as that of DEN-2 RNA genonie,

All the other five reading frames contained many termination codons and are
therefore, not involved in translation. Presence of long ORF in all the three cDNA
~lones of DEN-2 RNA tend to support the notion that DEN-Z virus similar to yellow fever
virus genome in having a single long ORF coding for a polyprotein precursor (Rice et al.

1985),




6. Amino acid sequences of the dengue viral polypeptides deduced from the DNA

sequence.

a. Background and Results

The translation of the DNA sequence of DEN-2 cDNA clones, pVV9l
(composite sequence) and pVVI7 into the putative precursor polypeptide sequences of
Dengue viral antigens using a cormputer program is shown under the DNA sequences in

Fig. 6a and 6b. These are 885 and 643 amino acids in length, respectively.
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LEGEND TO FIGURES

Restriction enzyme analysis of cDNA clones of DEN-2 RNA.

Figure 2

The plasinid DNAs including the control vector (lane 11) was digested with
only Pstl. The plasmid DNAs that were used for this experiment were: pUC
131 (lane 11), pVVI (lane 10), pVV2 (lane 9}, pVV4 (lane 8), pVV7 (lane 7),
pVV8 (lane 6), pVV9 (lane 5), pVVI1l (lane %), pVV15 (lane 3) and pVV17 (lane

2).

The plasmids containing the cDNA inserts of DEN-2 RNA were prepared
and digested with a combination of two enzymes, Bglll + Pstl (lanes 2,4,6,7,
9,12), Pstl + EcoRI (lanes 3,5,8, and 13), Pstl + Pvull {lane 10) or Pstl + Kpnl
(lane 11), The plasmid DNA used are: pVV2 (lanes 2 and 3), pVV4 (lanes 4
and 5), pVV7 (lane 6), pVVi5 {lanes 7 and 8}, pVV1I (lanes 9), pVVI (lane 10),
pVV9 (lane 11) and pVV17 (lanes 12 and 13). DNA digested with eithcr
Hind I alone (Fig. la, lane 12) or with a mixture of CcoRl + Hind I (Fig.
la & b, lane 1) were used as DNA size markers. The digests were
electrophoresed on an agarose gel (1%), stained with ethidium bromide and

photographed.

Southern hybridization analysis of cDNA clones from DEN-2 RNA.

The restriction digests from Fig. | were electrophoresed and transferred to

Gene Screen Plus Membrane Filter (NEN-DuPont). The D~As immobilized onto the filter

were then hybridized to the probes, prepared by nick-translation of cDNA inserts from

the clones pVVI17 (Fig. 2a), pVV#4 (Fig. 2b), pVV7 (Fig. 2d) and pVV!1 (Fig. 2c). The bands

that hybridized were visualized by autoradiography. Fig. 2ag lane 1,A Hindlll + EcoRl;



lane 2, pUCI3'-1; lanes 3-11, pvvl,2,4,7,8,9,11,15 and 17, respectively. The numbered
lares in Fig. 2 b-d corresponds to Fig. 1b. Fig. 2e. Southern hybridization of pVVI and
pVV9 DNAs to localize homologous sequences. pVVI DNA was digested with either Pstl
alone (lane 2) or Pstl + Pvull (lane 3). Lane ! contained DNA from pVV17 (undigested);
lane 4 contained a Pstl digest of pYV9 DNA. The DNAs were electrophoresed on an
agarose gel (1%), transferred to a Gene Screen membrane filter and hybridized with the
nick-transiated probe of pVV9-cDNA insert. The bands were detected by

autoradiography.

Figure 3 Mapping of DEN-2 cDNA clones by restriction enzyme analysis and

Southern hybridization.

The results from Fig. | and Fig. Z is summarized in this graphic plot. The
numbers refer to the number assigned to cDNA clones. The overlapping region between

pVVland pVV9 is about 450 bp, E = EcoRI; S =Stul; B = Bgl Il; K = Kpn [.

Figure 4 Strategy for kilo-base sequencing of the target DNA. The strategy is the

same as described by Guo et al. (1983).

Figure 5 Size analysis of pVV9 cDNA subclones by agarose gel electrophoresis.

pVVS DNA (210 ug) was linearized by digesting with EcoRI. It was then
digested with Bal3l nuclease (1.5 units) in a total volume of 482 ul under conditions
described by Guo et al. (1983). Aliquots were taken at various time intetvals and were
analyzed by electrophoresis on an agarose gel. Progressively shortened DNA molecuies
were cloned between Pstl and Smal sites of PUC!3'-1 vector and were used for
transformation of E.coli IM83, Transformants were screened for the size of the cDNA
inserts by double digestion with restriction enzymes, Bam HI1 + Pst I. Lanes l-5

contained DNA from subclones derived by Bal 31 digestion of pVV9 DNA for 2' {lane 1), 6

10




(lanes 2 and 3) and 8' (lanes 4 and 5). Lanes 6 and 7 contained DNA molecular weight
markers. Lanes 8-1% contained DNA clones derived from Bal 31 digested pVYV9 DNA for

6' (lanes 8-10 and 14) &' (lanes 11 and 12) and 10' (lane 13).

Figure 6 DNA sequence of DEN-2 cDNA clones.
a. The cDNA clones pVVI and 9 were coinpletely sequenced. We found that

these two clones overlapped by 470 bp as expected from the hybridization
results, The composite sequence of these two clones {call "pVV9l" in the

text) is shown.

b. Thie sequence of pVVI7 clone is shown. This sequence was derived by
sequencing about 75% of the complementary strand of pVV17 clone, the
sequence of which was originally reported in Report Number Three. A few

errors in the previous sequence were corrected.

Figure 7 Graphic analysis of open reading frame DNA.

The primary nucleotide sequence as shown in Fig. 6a & b and their
complements were translated using computer program in all possible reading frames.

The location of the stop codons are indicated by vertical lines.

11
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Fig.2b

Fig.2c

o

14




L0 A S e

| A

Fig.2d
1 2 3 4 S 6 7 8 9 10 11 12 13

el emEn S s s e e eaae e e aney  amee e

Fig.2e

15




L

St

L1

91

)~

m-

)=~

M-

)=

sals

-

Ol

M-
0 O

wH W WS

—n— A 4

-

€614

S .Y O y |

X -




k a0 B Y -

yo-

| ey

o e e e e e T

target DNA
W/ i vz

&

! Bal 31 nuclease
I Kienow fragment ,(dNTPs

: Restriction enzyme linkers

: Restriction enzymes digestion

T

WLl 7 7777777,

L // /

|
V2227777777

Wi

1. Ligate

2. Transform

17




Fig.5

18




.6a

Fi

IS . |
lu
Mn.mn £s 3
1" ml.u. o
1 8 u‘....m- :
: : i g~ - 3%
. | i - m-.u- BR
: m-.m- i - ml.mu s2
- . -.
- BIas ED 2T 0¥ :
ﬂv ¥y - ml -.l MIlml m
ﬂlom.- g~ g g 3 g ﬂ'cﬂl : _
g m..m; 5" 3" g- - - :- n:.m. un
- g m..ml 3" a- ml.m. E” - ml.u; i
“.lom... ‘[ MIoml ‘. ‘l Mloﬂl m.v s- mllml M“ #3
- | l | . |
mu.ut - e mvonl 1" 3 g5~ 8" i i -l : .
BT 3~ 1 3" JET w- 2 : m
3" | m. u |m
; [ - g- [ e ﬂ' hd 5= E- MDOHK g3
e- “.¥ g~ -.n. a- - -2 el - m..m. -
: loml ﬂi MLlﬂ! E” ﬂl Oli— a- E” chm' - nﬂ
8- nv.u- 2" m-.-.-. uu mn.mp g 5 us.mp m :
- 3 | .v l
1~ 3 g- - Mt.m- K- g n..m. m“ B m'.u. o
‘to-l - " omv UI -l Ila : Ilu‘l ﬂ ﬂ
: H E: e e i g- s 3z
- ¥ 2 - mt.mn e- a- g-- ] - ma.n: o
: :v.m £ mt.uo 3~ g- g-- m‘ - u-.m: 3
- i e m.-ml . 5" g2 ML 5 Mlan
- n|.-. - - z- g- £--g- - ‘- :
l.l “l ‘ ﬂl ﬂl l- ‘l ml
ml l‘l m -I .I El!‘ ﬂl
E- = i : 3
: - £ - g~
-] : mn
| :
|ﬂl
z-
i
.-
m.

'
g i
m-.m- .- :
.- 3- - .
I . ‘l ﬂ' ﬂlo‘l ﬂl -
B 1- g- -loML ‘-
" ﬂloml ‘I “l ‘io-l -l
: v ¥ e £~ mlamv
: " - - | Jd g g
oﬂl ﬂl “' mllm' ‘ .l -l ﬂl
: k: g2 8- §- g - g~ | 3 | 3a
l |ﬂ ﬂ' ﬂ!nﬂl MI -I "3 ﬂl ‘I
ﬂl “' nlim " “ll..inl ‘l mll .. .l
B - - - - & g- : i ﬂ
| MIuﬂl - -8 | g~ E- -
mt-"t m” E” ..l.l 5" 3° 'n-” m“ MIQMln - &
: e > :- -lollomt “l ln.l 2- mloﬂl Ml
L ' - 3 [l g - g - ] - t -
l-l -l g- ﬂ'l - “” “l .'0-- ﬂ? ml ﬂloml M' ﬂlcml
.IQ.. ﬂ. “l .llm ml ﬂ. “IO-I "! ﬂl - . ‘l mv
| | -3~ g~ 8- -e ¥ .2 N - - l
Ul I ﬂ .l ‘l - oMI CI
-3~ ﬂl - ﬂ c.l :- -
| b . -5 | ﬂlnﬂi - - i ; ‘Io‘l
3 2 -g- 5 i -o.-: 2- 3 I : u..mm
5" B -8 g 2= -.n: ' 3 : -.ml
¥ - e n-.u. i- : . : m..u.
| b b - g o b g° .IQNI 'loﬂl
E~ 3 - - bt . g 5 mlull 3 §
£ -8 5" ¥ g . n..n- : : .
B - -3 g t g-- - e ¥ ; mloml
: ' ) ﬂ [ has ml e= -| - I e ™ ultm}
mt -l -IO - Cﬂl m.b ml -.OII Il ﬂl.“l
b g .- e - g 3 Ulo‘l i :
g- Ro-3: 2. B -ge-ge i 4 1
Nlo. - E” . | ’ ! EE !
Ty -3 N - .- - az.a:
g -..-- a- g~ g - § o
Bl ‘l:ﬂl B 3" =" : Ml :
It ﬂ(oﬂl g g ﬂlot £
' B cv.mn 3 ‘- £
i ﬂlnﬂ' g~ g g~
.. ‘lo-l ml ml
g mv.-u.-.
- R .- i
H
n.

v
~8
-

Che 87 A
L
[ I

m
un

"
s
s
[ 4
(L]
L
T 000 A0 MDA
"
ATC
o
"
o
™
2

[]
I

-
L I A
’

19




-

.6b

Fi

+

-
]
|
.
¥
3
8
=
3
]
]
3
E
]
)
]
i
8
)
3
7
]
X
=
=
3
=
3§
3

-

2
-
]
=
g
g
=
z
3
§

1

L

CTT T34 CTB ACA CTY CT6 GCT ACA 6TC ACH 004 §BA ATC TT3 TTA FIC TT6 ATE AGC ONA M5 08
L}

m
“

1 0 & 8

[ I N I ]

CAS CCA CAC TUS ATA BCA CT 1CA ATA ATA CTE 08 TTT 117 CIC

E
s
g
o
g
£
=
-
=
-
]
g

“gecgm-a--
g~ ¥° =-
e
g~ 4 8
g2~
5

1 v ¥

.
L]
s v 0
[}

-
»

AN ATS BAC AIC 088 517 CTC C71 CTC OCT ATT 988 TOC 14 TCA CAR OTC AT CIC AT6 ACT CIC ACA OCA OCT CTT 1TC TTa CVO B%

Al
1

L
LI G ]

Al

1
]
L
.
L
)

o v

L2 I I N 8
]

L B ]
(S S 4
1

X
)
.
[}
]

P EPE
)

'
> 0 FE N B F

L}
]
UCA MAC 008 ATE 087 TTC CTU Q00 AMA ACE OB A% BAT CTC 004 TT0 004 ABC AT
1
[
ML ATC CTS GAC ATA AT L1 CBT CCT OCA TCA OCA 108 A0S CTH TAT OCT 7% SCT LA ACA TTT OTC ACA CCA ATS T
'
]
ATT @A GAT TCC PCA 676 4AC 876 TCC CT8 ACH OCT ATT SCC AAC CAS OCT ACA BTS 174 476 88T 11 008 A4 008
*

ATA ST TTB LTY ATY CTA O CCA SA0 MG CAB ABA ACA COT CAR 807 AAC CAR TT6 &CC TAC BTF §7C ATA 6CT 4TC CTC ACA STO 818 300

L
& 0Ch & AT
A M TR

e v oL

€A CAY TaT #KX ATC &

L )

]

]

&1 075 0
T ¢ 80

T 9 0 0 L 2 P 0 P v B P @
L]

A0 iCH 678 ATY MAC CTA 0AY CEA ATA CUT AT AT CCA AM5 TTT BAS AMS CAB T10 00A CAS 674 M8 CTC CT

[N S B8
[]

CCh 005 200 177 M MK ACT ACT AT) OCB §78 TEA ATS ICT AAC ATT TTT 46 008 007 VAC TTS &KX G4 KV

L S

L 20 I B B |
»

1]
|8

.
175 AT0 A6 08 4CT ACA 708 UCT T 16 98 OCT 114 ACC TVA LB ACC WS CC7 OTC WX A 1

[
T 018 &Y CMb 678
[ I A I
" +

g~

LI . )
1
L
ot
1
N
]

1
L]
L}
"
v
e
v

R -
..".“.l_'
-

-

-

-

-

-
'.‘..‘!’m.
-~ 5.8 .¥"
i - i - - R
8 E- 8 3~
t S - A

]
LI S I 8

L]
LS I B B 1

+
L

00 006 CT0 AMS AT 075 A B8 ST AAS GOC CTA ACA AMh 0DM OD0

b2
¢

CCA B0h CAT 008 GAA CCT ATC CIC ATS TCA OCA VAT BB YOB MAT CTA GTA OBT CTT CAA AST U8 077 0AC 81T TTC TIC ACT C08 (X0 19

LA IO B N 4

e

£

F

L& s s v by
L]

[0 2NN N N BN BN BN DN ¥
+ +
48 AA6 TST @C ACA T [TE 767 GAC ATA 000 800 7CB TTA LA AST CTT ACS B7A 0A 0CA D08 (06 ACH (YT A0S BIC CT7 MK 1T

"L

8

1 i

£t c

ATH M8 OTT CTC MAC CCA TAC ATS CCC TCA BTC ATA 00A AAA ATH D04 BCA (TR 1710

t v L &8 p Y R PSS Y )DETRNEMNL

UC

L
:
3
5
3
B
]
3
8
5
3
3
'
g
£
4
i
i
s
1
'
3

Lt 0 351N

\J

P YO

L2 I A 3

1

$ ¢ ve 8 1 8 R & L

ATA 678 TCA TCA TS MAC ATS ATT TCA MBS ATS T8 ATC AMC ABA TTC ACA ATE ABA CAC AAS AAR BCC ACT TAC A8 CCA OAT 814 M
. nF

[}
CIC 000 ABC 004 ACC CIC AAC ATC 004 ATT GAA AST 008

"

3

1 & § &

8 6 1T k0 ¢

L

20




READING FRAME

Fig.7

_ P ! b 1 4 1 |

2 o e ot el | P e § O {1 1 | 0 :
AL (I | 111 [T I S 1 | | | B O
P L v o ppv by ime il {1 i Lottt 11 11H]
20 4 d 11 | [ 11 il 1l I
w{\
({1 R O | | P | 1

21 | S I T | L [N S O | S

2 oot g b it ffrg i 11

(e fHtt) i TR RN I

2041 | | 1 Ll LIt | |
u[

| L | | | | |

1 | ||
600 1200

20a




L e e S ——— il

LITERATURE CITED ‘

1. Barnes, W.M. and Bevan, M. {1983) Nuc. Acids Res, 11, 349-368,

2. Guo, L.-H., Yang, R.C.A. and Wu, R. (1983) Nuc. Acids Res. 5521-5540,

3. Maniatis, T., Fritsch. E.F. and Sambrook, J. (1982) Molecular cloning-a laboratory

manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York.

4, Maxarm, A.M. and Gilbert, W. (1980) Methods in enzymology (Grossman, L. and

Moldave, K., eds) Academic press, New York, pp. 488-560.

5. Rice, C.M., Lenches, E.M.; Eddy, S.R., Shin, S.3., Sheets, R.L. and Strauss, J.H.

{(1985) Science, 229, 726-733,

2]




Personnel Supported from September 1, 1984 thru August 31, 1985

Personnel

Dr. Vikram Vakharia

Dr. Tazuko Yaegashi

Mrs. Karin Page

Dr. Suhas Kohlekar

Raljit Kaur

Dr. Radha K. Padmanabhan

Title

Research Associate

Research Associate

Research Assistant

Research Associate

Research Assistant

Principal Investigator

22

Period
Supported
by Contract

Sept. 1., 1984 - Feb. 1, 1985

Sept. 1, 1984 - Aug, 2], 985

Oct. 10, 1984 - June 1, 1985

Sept. 1, 1984 - Feb, 1, 1985

Sept. 1, 1984 - June 1, 1985

Sept. 1, 1984 - present




